This study presents the development of a compact and portable in-situ analyzer for nutrient determination. The analyzer can detect the seawater concentrations of nitrate, nitrite, phosphate, ammonia and silicate based on spectrometric method and flow injection analysis with the use of peristaltic pump, 3-port solenoid valves and flow cells. Detection limits are, respectively, 0.3, 0.1, 0.1, 0.3 and0.2 µM for nitrate, nitrite, phosphate, ammonia and silicate. With the use of wash solution and standards, the analyzer can work for long time during seawater monitoring.
Introduction
In both process studies and routine monitoring, in situ chemical measurement capabilities offer a variety of substantial advantages relative to shipboard and laboratory analysis [1] . With the use of in situ analyzers, high precision and accuracy of measurements can be achieved, and the spatial and temporal resolution of the acquired data can be increased [2, 3] .
Using wet chemical techniques with the addition of chemical regents and based on laboratory methods, there has been a rapid development of in-situ analyzers for the determination of nutrient in seawater during the past decades [2] [3] [4] . Nutrients react with the added chemical regents, form new chemical compounds with chromogenic groups, thus can be detected using spectrometric method. Coupled with flow analysis techniques, such as flow injection analysis (FIA) and continuous flow analysis (CFA), one or multiple nutrients (nitrate, nitrite, phosphate, ammonia, silicate) can be determined [3] [4] [5] .
In the present work, we describe a compact, portable, sensitive, and rapid in-situ analyzer for nutrient determination using FIA and spectrometric method. Characteristics, Analytical methods and laboratory measurements of the instrument are described in this paper. Some manifold tubes between different solenoid valves are replaced by a two-layer engraved circuit in PMMA [poly(methylmethacrylate), 140×80×24 mm, homemade]. The valves are integrated directly into the engraved circuit to limit the use of tubes and minimize the dead volumes. Standards and reagents (100-500 mL) are stored in flexible bags, connected to the engraved manifold with Teflon and PTFE tubing.
Two flow cells are used in analysis. One is the Z-shaped PMMA flow cell (L=20 mm, i.d. = 2 mm, homemade), and the other is the quartz fluorescence flow cell (L=10 mm, i.d. = 2 mm, Jingke optics, China).
The light is emitted by LEDs (525nm, 810nm and 880nm). LEDs are fixed in a homemade optical coupler with two output light beams. One beam pass through the Z-shaped flow cell and return to the photodiode via plastic optical fibers (i.d. 2 mm). The other connect to the photodiode directly via plastic optical fibers (i.d. 2 mm). The signal is obtained using synchronous detection. Using the ratio of the light intensities from two photodiodes, the intensity variation due to the change of voltage and environmental temperature can be eliminate.
The analyzer has autonomous and standby mode, and can be programmed and controlled by homemade software. Users can select one or multi analytes for continuous or intermittent monitoring. The electrical consumption of the analyzer is 1.2 A (12V).
Analytical methods. The chemical parameters to be measured are nitrate, nitrite, phosphate, ammonia and silicate. Analytical methods are list in Table 2 . Reagents ( Table 2) were prepared using analytical grade reagents, ultrapure water (Milli-Q, Millipore), or natural seawater. 
Conclusions
Based on flow injection analysis and spectrometric method with the addition of regents, an in-situ analyzer for nutrient determination is successfully developed. With the use of peristaltic pump, 3-port solenoid valves, sample, standards, and reagents can be selectively pumped into the fluid system, form new chemical compounds and thus can be detected. The analyzer can detect five parameters of nutrients in seawater. Detection limits are, respectively, 0.3, 0.1, 0.1, 0.3 and 0.2 µM for nitrate, nitrite, phosphate, ammonia and silicate. With the use of wash solution and standards, baseline shift can be self-calibrated, thus the analyzer can work for long time during seawater monitoring.
